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Peat layers are scattered along the trace of Malaysia, especially in Sarawak (East 
Malaysia). They represent 13 percent of Sarawak’s land area and occupy about 1.66 
million hectares. The abundance of peat soils in Sarawak made it a hectic and tedious 
job for the development of Sarawak especially in the rural area. The primary objective 
of this project is to determine the geotechnical properties of tropical peat soils in 
Sarawak. Peat soil samples are taken from Matang, Batu Kawa, and Kota Samarahan 
area. The experiment conducted consists of the degree of humification test, loss on 
ignition test, Atterberg limit test, particle density test, fibric content test, moisture 
content test, pH test, hydrometer test, standard Proctor test, and California bearing 
ratio (CBR) test. The result of experimental investigation postulates a high content of 
moisture, organic and fibric content of peat soil. Besides that, peat soil in Sarawak is 
categorized in hemic group, with pH value of 3.5 to 4.5 and CBR value of 2.5% to 
3.3%. From the data and results of the findings, it may be used to generate a standard 




Lapisan tanah gambut terdapat di persisiran negara Malaysia, terutamanya di negeri 
Sarawak (Malaysia Timur). Ia mewakili 13 peratus dan meliputi 1.66 juta hektar 
daripada keluasan kawasan daratan di Sarawak. Keluasan kawasan tanah paya gambut 
di Sarawak menyebabkan pembangunan negeri Sarawak terutama sekali di kawasan 
luar bandar menjadi agak sukar. Objektif utama projek ini adalah untuk menentukan 
sifat – sifat geoteknikal bagi tanah paya gambut tropika di Sarawak. Sampel tanah 
paya gambut diperoleh dari kawasan Matang, Batu Kawa dan Kota Samarahan. 
Eksperimen yang dijalankan termasuk ujian darjah pereputan, ujian daya 
kebolehbakaran, ujian Atterberg, ujian ketumpatan butiran, ujian kandungan serabut, 
ujian kandungan kelembapan, ujian pH, ujian hidrometer, ujian Proctor dan juga ujian 
CBR. Keputusan eksperimen menunjukkan tanah paya gambut di Sarawak memiliki 
kandungan kelembapan, organik dan serabut yang tinggi. Selain itu, ia dikategorikan 
di dalam kumpulan hemic, dengan nilai pH di antara 3.5 dan 4.5 manakala nilai CBR 
di antara 2.5% dan 3.3%. Hasil dari data dan keputusan yang dikumpul, ia akan 
digunakan sebagai cara kerja umum untuk menangani masalah berkaitan dengan tanah 
paya gambut. 
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 1 
1 INTRODUCTION AND SCOPE OF STUDY 
 
1.1 GENERAL 
 The main aim of this project is to study the physical properties of peat soil in 
Sarawak. Six samples of peat soil were collected randomly, specifically in Kuching 
and Kota Samarahan division. Four samples, if possible, are collected from Kuching, 
specifically in Matang and Batu Kawa area. Meanwhile, the other samples are 
collected at Kota Samarahan area. Undisturbed samples are preferred in this 
experimental investigation as it represents the natural condition of peat soils. 
However, the top layer of the soil with thickness of about 100mm shall be turfed off 
in order to avoid debris and discrepancy which may affect the final result of peat soil 
characteristics. Upon collection of peat soil samples, several laboratory testing will be 
conducted in order to determine the basic physical properties of peat soils. The 
laboratory testing consists of the following:- 
i) Degree of humification.  ii) Moisture content.   
iii) Loss on Ignition.   iv) Atterberg limits. 
v) Specific gravity.    vi) Fibric content. 
vii) pH value.     
viii) Particle size distribution test (Hydrometer test). 
ix) Compaction (Standard Proctor test).  
x) Strength of soil (California Bearing Ratio test). 
Through this experimental investigation, it is hoped that the objectives of this project 
can be achieved successfully in order to have a standard characteristics of peat soils in 
Sarawak. 
 2 
1.2 BACKGROUND  
 According to Wong (1991), about 1.7 million hectare or 16 500 km
2
, which is 
summing up to approximately 13 percent of the Sarawak State’s total land area, are 
covered with peat soil as cited by the Malaysian Agriculture Research and 
Development Institute (MARDI, 1991). This peat land is located in the primal 
lowlands and along the coast. Most of Sarawak’s peat lands are found in the central 
region of the State, specifically in Sibu Division, which roughly covers 70 percent of 
the division. Table 1.1 shows the total area of peat lands in divisional administration 
of Sarawak (Wong, 1991). 
 Various fields of studies have given different definition of peat soil. In terms 
of mechanical properties, geotechnical engineer defines peat soil as an extreme form 
of soft organic soil with organic content of more than 75 percent, whereas organic soil 
is soils with organic content of greater than 20 percent (Public Work Department, 
Malaysia, 1995). Meanwhile, soil scientist defines peat as soil with organic content of 
greater than 35 percent. Agriculturist however recognized peat soil as a problem soil 
with marginal agricultural capability. 
 In general, peat soils are defined as highly fibrous organic soil with 
heterogeneous mixture of partially decomposed plant remains which is somehow 
mixed and assimilate with sand, silt and clay under damp and anaerobic condition. 
Obviously, the content of organic remains in peat soils is sufficiently fresh and 
undisturbed to permit identification of plant remains whose structure ranges from 
more or less decomposed plant remains to a fine amorphic mass. Besides that, the 
deposition and accumulation rate of peat soils are faster than the rate of 
decomposition. The rate of decomposition of plant remains is subsequently high in 
places with warmer climate. Moreover, places with relatively high temperature have 
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the highest rate of plant remains accumulation. However, the relatively high 
temperature may lower down the rate of decomposition of plant remains. 
 Peat soils in Sarawak are mainly a non-homogenous type. The overall 
hydrological characteristic depends on the rainfall and the surface topography. High 
moisture content in peat soil is the main factor contributing to the characterization of 
peat with low bearing capacity and bulk density. Due to this, peat is incapable of 
carrying excessive weight. About 89 percent of peat soil in Sarawak is classified as 
deep peat due to its depth of more than 1.5 meter. The depth of peat soil layer 
increases from the coast towards the inlands. According to Huat and Bahia (1997), 
field investigation conducted in Western Sarawak has proved that there are three 
significant layer of peat with each layer overlain the subsequent layer. The top thin 
layer of 0.5 m to 1.5 m thick is recognized as sapric peat with fiber content of less 
than 33 percent. The second layer of peat, overlain by sapric peat, is recognized as 
hemic peat with fiber content ranging from 33 to 66 percent. The near beneath of peat 
soil layer, overlain by hemic peat, is recognized as fibric peat with fiber content of 
greater than 66 percent and a layer of grey mangrove  clay may likely to be seen 
under fibric peat layer. 
 Peat is technically defined as soft soils because of its instability and long term 
consolidation. Its main properties are its high water - retaining capacity, low density, 
high resistance to decomposition, low heat conductivity, and high porosity. In the 
pursuit of developing peat lands in Sarawak for infrastructure and agriculture, peat 
has been identified as one the major problem soils in which excess water has to be 
drained off during initial stage. When drainage is performed, peat soil decomposes 
and shrinks. As a result, the area and its surrounding will face subsidence of the 
ground surface. In Sarawak, according to research done by MARDI (1991), a 
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subsidence rate of 6 cm. per year has been reported for peat with a water table at 75 - 
100 cm. Research has successfully proved that draining off water from peat soils has 
contributed to subsidence of the peat land, flood occurrence, forest fire, pest 
infestation and damage of structures especially roads and main drains. After years of 
research in engineering field for infrastructure development, geotechnical engineers 
have come up with several construction methods which may be applied for soft soil 
like peat. These methods include the excavation and replacement method, vertical 
drains (geosynthetic and sand drain), piled supports, surface reinforcement (geotextile 
and geogrids) and lightweight fill (shredded waste tires, geofoams, woodchips, saw 
dusts, expanded shale, and air foamed mortar). 
 Peat has been widely used in agricultural sector despite of all sorts of 
problems faced and gratefully, it has reported to be successful. For instance, 
according to report by MARDI (1991), peat land is suitable for crops with shallow 
and fibrous root system including oil palm, pineapples, Liberica coffee, mulberry, 
banana, and sago. This includes the growth of valuable timber such as the “Ramin” in 
Sarawak. Peat soil with the degree of humification of H6 to H10 (refer to Table 1.2) is 
transformed into a form of biomass energy, of which known as fuel, due its high 
content of organic materials. According to Bergeron (1994), this biomass energy is 
widely used as fuel in several European countries such as Ireland, Finland and the 
Commonwealth of Independent States. Previous study by Shibchurn (2001) has 
proved the suitability of peat as a filter medium in biofilters for treating wastewater. 
 
1.3 SCOPE OF PRESENT STUDY 
 This chapter is mainly about recent study and development of peat soil. The 
main objective of this project is to determine the basic characteristics of peat soil in 
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Sarawak. Experimental investigation was conducted in order to accomplish the 
following objectives:- 
a) To analyze the variability of geotechnical properties and to identify the 
 characteristics of various peat soil samples in Sarawak. This can be achieved 
 by performing experimental investigation through soil classification test. 
b) To understand the unique properties of peat soil textures and to create a 
 manageable report about peat soil. This may lead to proposal and 
 recommendations for future work on infrastructure projects and houses 
 which could be built  on peat soil. Thus, from this information gathered, 
 geotechnical engineer may be able to find suitable solutions to existing 
 problems regarding peat soil in order to maximize the uses of peat soil in 
 Sarawak and transform idle peat soil into a high investment resource. 
c) Besides that, sufficient information needs to be arranged and conveyed to 
 enable geotechnical engineers to understand the nature of properties of peat 
 soils and to anticipate the likely behaviour and potential problems. 
In section two, a presentation of literature review is made as to review some of the 
geotechnical properties of peat soil. From this section, a comparison between present 
study and recent study is made and in orderly manner. In section three, the main 
concern is on the experimental investigation study. This section is mainly to assist the 
experimental investigation in the laboratory. In section four, the results and the 
discussion of experimental investigation is presented. The comparison between 
present data and recent study is outlined to enable the analysis and discussion of data 
collected. Finally, section five contains an outline of the conclusions drawn in the 




 There are several limitations regarding experimental testing work in the 
laboratory. For example, the degree of humification is best determined only to a 
certain depth of peat layers. This is because the water content in every increment of 
depth is totally different and hence, it is crucial to carefully observe the decomposed 
materials and the colour of water produced during the test. Moisture content and 
organic content of peat soil sample is to be determined as soon as possible to avoid 




Table 1.1 Areas of peat according to the various administrative divisions in       
   Sarawak 



































Kuching 23 059 
Kota Samarahan 192 775 
Sri Aman 283 076 
Sibu 540 800 
Sarikei 169 900 
Bintulu 146 121 
Miri 276 579 
Limbang 25 300 
TOTAL 1 657 600 
 8 
Table 1.2 Von Post Degree of Humification Scale (after von Post and Granlund            
      1926) 








Completely undecomposed peat which release almost clear water. 
Plant remains easily identifiable. No amorphous material present. 
H2 
Almost completely undecomposed peat which releases clear or 
yellowish water. Plant remains still easily identifiable. No amorphous 
materials present. 
H3 
Very slightly decomposed peat which releases muddy brown water, 
but for which no peat passes between the fingers. Plant remains still 
identifiable and no amorphous materials present. 
H4 
Slightly decomposed peat which releases very muddy dark water. No 
peat is passed between the fingers but the plant remains are slightly 
pasty and have lost some of the identifiable features. 
H5 
Moderately decomposed peat which releases very “muddy” water 
with also a very small amount of amorphous granular peat escaping 
between the fingers. The structure of plant remains is quite indistinct, 
although it is still possible to recognize certain features. The residue is 
strongly pasty. 
H6 
Moderately strongly decomposed peat with a very indistinct plant 
structure. When squeezed, about one – third of the peat escapes 
between the fingers. The residue is strongly pasty but show the plant 
structure more distinctly than before squeezing. 
H7 
Strongly decomposed peat. Contains a lot of amorphous material with 
very faintly recognizable plant structure. When squeezed, about one – 
half of the peat escapes between the fingers. The water, if any is 
released, is very dark and almost pasty. 
H8 
Very strongly decomposed peat with a large quantity of amorphous 
material and very dry indistinct plant structure. When squeezed, about 
two – thirds of the peat escapes between the fingers. A small quantity 
of pasty water may be released. The plant material remaining in the 
hand consists of residues such as roots and fibers that resist 
decomposition. 
H9 
Practically fully decomposed peat in which there is hardly any 
recognizable plant structure. When squeezed, almost all of the peat 
escapes between the fingers as a fairly uniform paste. 
H10 
Completely decomposed peat with no discernible plant structure. 




2 LITERATURE REVIEW 
 
2.1 GENERAL 
 Several studies have been made by researchers of various fields and they came 
out with different yet similar results on peat formation and characteristics. According 
to Jarett and Public Work Department of Malaysia, the proposed of Extended 
Malaysian Soil Classification (MSCS) of which extending the existing MSCS (BS 
5930:1981) has yet the more accurate definition of peat soil (Singh, Bahia and Huat, 
1997) is shown in Table 2.1. According to a research completed by Yonebayashi 
(2003), peat soil in Kota Samarahan at the surface layer above 20 cm consists of small 
amount of woody materials. However, in the deep layer below 20 cm, various-sized 
fragments and minor fraction debris were found buried deep within the peat soil. 
 According to the United States Department of Agriculture (USDA)’s three-
point scale classification based on fiber content resulting from decomposition and 
humification, peat soil may be classified into three major parts; namely fibric peat, 
hemic peat and sapric peat (Singh, Bahia and Huat, 1997). Close-up of this table is 
provided in Table 2.2. Byrne (2004) has classified three critical factors for different 
peat grades with each factors has its own methodology to redefine the availability of 
peat source. The factors are:- 
a) Energy: High density, high calorific peat blended to meet strict moisture 
   content criteria at the power plants. 
b) Fuel:    High density, high calorific peat blended to meet low ash  




c) Horticulture:  Selected for low density, low degree of decomposition, very 
   low weeds infestation. 
 
2.2 BASIC PHYSICAL CHARACTERISTICS OF PEAT SOIL 
2.2.1 Degree of Humification 
 Peat soil tends to become more humified as decay and compaction  occur. The 
degree of peat humification is best expressed by using the Von Post humification 
scale, which was developed by Von Post and Granlund in 1926. Table 1.2 postulates 
the Von Post humification scale, which is the most widely used to determine the 
degree of humification of peat soil (Liang, 1998). The degree of humification is 
termed as the H-value with a scale ranging from H1 to H10. H1 indicates the least 
humified, herbaceous peat meanwhile H10 indicates the most humified, amorphous 
peat. For geotechnical purposes, Edil has stated that according to Magnan (ASTM 
Standard D 5715, 1980), this degree of humification, from H1 to H10, is reduced to 
three main classes to simplify them for geotechnical purposes. They consist of the 
followings:- 
a) Fibric or fibrous (least decomposed), tentatively ranging from H1 to H3. 
b) Hemic or semi-fibrous (intermediate), tentatively ranging from H4 to H6. 
c) Sapric or amorphous (most decomposed), tentatively ranging from H7 to H10. 
 
2.2.2 Loss on Ignition and Organic Content 
 According to Malaysian Agriculture Research and Development Institute 
(MARDI, 1991), the loss on ignition value for peat soil in Sarawak is reported to be 
exceeding 90 percent. Peat soil is best classified according to its organic content. 




Testing and Materials (ASTM) has classified peat and organic soils according to the 
followings:- 
i) OC <5% : Little effect on behaviour, considered inorganic soil. 
ii) OC 6%-20% : Effects properties but behaviour is still like mineral soils,  
     organic silts and clay. 
iii) OC 21%-74% : Organic matter governs properties; traditional soil mechanics 
     may be applicable, silty or clayey organics. 
In a report by Liang (1998), Skempton and Petley (1970) have investigated the 
relationship between ignition loss and organic content in peat soil, which is expressed 
as ratio rather than as a percentage. They came up with a formula as stated below:-
 )1(04.11 NH                   ( 1Equation ) 
where,  
 soilofcontentOrganicH   
 lossIgnitionN   
However, the difference between both is negligible for organic content of  more than 
25 percent. In order to conduct the test, it is specified by ASTM that under a 
temperature of 550˚C, the soil sample must be held in place until a  constant mass is 
achieved. 
 
2.2.3 Particle Size Distribution Analysis 
 Particle size distribution analysis is a mechanical analysis with the  purpose of 
determining the particle size of a soil sample. Two methods are usually adopted, 
namely sieve analysis and hydrometer analysis. Sieve analysis is usually suitable for 
soils having particle size of greater than 0.075 mm. in diameter whereas hydrometer 
analysis is adopted for soils having particle size of smaller than 0.075 mm. in 
